ABSTRACT
INTRODUCTION
Research to date on avian dispersal of plants has focused mainly on frugivory or on scatter-hoarding (Forget et research has shown that migratory waterfowl can disperse a broad range of other plants by endozoochory (De zip-lock plastic bags. The samples were then kept in the fridge (4°C) until subsequent laboratory investigations, which were completed within 6 months. Faecal samples were weighed on a balance (Ohaus EP213C Explorer® establish statistical significance, the empirical p value of each variable was calculated using 1000 random permutations. Rarefaction analysis showed that our results were not strongly influenced by the differences in number of samples between sites (Fig. S1 ).
performed using the cmdscale function on the above mentioned Bray-Curtis dissimilarity matrix. All statistical analyses were conducted in R statistical software package (version 3 
142
These analyses were run after excluding samples that contained no diaspores.
144

RESULTS
145
The mean mass of fresh faecal samples was 3.721 g ± 0.185 (mean ± s.e.). A total of 1327 intact diaspores were 146 found from the 215 samples, belonging to 22 plant species, including 21 angiosperms and an aquatic fern (381 147 macrospores of Salvinia natans, Table 1 ). These taxa represent 15 families (Table 1) , with five families of 148 aquatic plants (including 3 submerged, 2 floating and 4 emergent taxa), and 10 families of terrestrial plants (13 149 taxa). Only four of these 22 taxa are recognized as having an "endozoochory syndrome" (Table 2) .
Almost half the diaspores (47%) were retrieved from the two sets of samples from Lake Balaton, which included occidentalis, a park tree from North America that is a widespread naturalized alien in Hungary (Uotila, 2011a, plant taxa recorded were rare, with seven taxa represented by only one seed, and another four taxa recorded only 156 in a single sample (Table 1) . Overall, 33% of faecal samples contained at least one diaspore (Table 1) . floodplain of the Tisza river, with significantly more diaspores than in the other sites (Table 1. ). European dabbling ducks. Nevertheless, diaspores of aquatic taxa were generally more abundant, and all three one or two samples. Thus, we would need to study many more samples to record all the plant taxa dispersed by mallards using our study sites, as indicated by rarefaction analyses of mallard gut contents at other European 228 sites (Soons et al., 2016) .
maritimus, Ficus carica and
229
At the level of individual plant taxa, significant differences in diaspore numbers did not fully coincide with the 230 spatial divide between samplings from the Hevesi-holm and those from the Lake Balaton region further west.
231
We even found significant differences in the frequency of B. maritimus between two samplings at Lake Balaton 
235
which was restricted to the Hevesi-holm (Table 1) . Salvinia natans is mainly found around the big rivers in Hungary, and is absent from the Lake Balaton area (Bartha et al., 2015). On the other hand, when the whole community of plant diaspores was analysed, there was a clear separation between the eastern and western sample 238 sets (Fig. 2) , which is likely to reflect important differences in the plant communities present in the two study 239 regions. However, sampling in the Lake Balaton and Hevesi-holm regions was conducted a month apart, so the 240 spatial differences observed may have been confounded with this temporal change. 
249
We have demonstrated the viability of fern diaspores after avian gut passage for one fern species, but there is 250 evidence to suggest that birds are also vectors for other aquatic and terrestrial ferns. Extinct and extant birds have 
267
In central Europe, S. natans produces male micro-and female macrospores within sporocarps from late August 268 to late September, with the release of sporocarps into the water beginning in late September (Gałka & Szmeja, they ingest sporocarps. We found no intact sporocarps in the faeces, and they are likely to have been broken 283 within the gizzard.
284
In conclusion, this study illustrates how much our understanding of plant dispersal can be advanced by focused 285 research on migratory waterfowl as vectors. We can now construct effective spatial models on the dispersal of 
Carpinus betulus Schoenoplectus tabernaemontani 
